SUMMARY A prospective cardiologic evaluation was performed in 83 consecutive patients with transient cerebral ischemia or mild stroke and without symptoms or eiectrocardiographic signs of ischemic heart disease. Patients were studied with an eiectrocardiographic exercise test; a positive test was followed by exercise Thallium-201 myocardial scintigraphy. Results were compared to those obtained in a group of 83 age and sex-matched healthy subjects submitted to the same study protocol. Asymptomatic coronary artery disease was detected in 28% of cerebrovascuiar patients with adequate eiectrocardiographic exercise test. A scintigraphic perfusion defect of variable extension was found in 19 of them. In the control group the eiectrocardiographic exercise test was positive in only 6% (p < 0.01). Our results support the concept that: 1) asymptomatic ischemic heart disease is often associated with cerebrovascuiar disease; therefore cerebral ischemic attacks may be a marker of coronary artery disease, 2) an active investigation of the heart should be considered in cerebrovascuiar patients in order to plan optimal, comprehensive management.
THERE IS INCREASING EVIDENCE that the prognosis of patients with cerebrovascuiar disease is critically influenced by coronary artery disease (CAD).
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A 5% cardiac yearly death rate has been described. 6 Moreover, in the long-term follow-up of large series of patients, cardiac disease has been responsible for the 18-59% of deaths. '• 3 -5 -7 " 9 It has been reported that the risk of fatal CAD during the five years following a transient cerebral ischemic attack exceeds the risk of recurrent stroke. 2 This impressive cardiovascular mortality may jeopardize the effectiveness of medical and surgical treatment of cerebral ischemia alone. 10 Nevertheless, a careful cardiological evaluation is not usually part of the routine evaluation of these patients, and is usually limited to the detection of possible cardiac sources of embolism and to those cases with clinically overt CAD."" 13 CAD is asymptomatic in a large proportion of subjects in the general population. 14 The association of atherosclerosis of coronary and cerebral arteries is a well-recognized entity 13 ' 16 and a vigorous cardiological investigation may be indicated in all patients with cerebral ischemia.
Prospective studies aimed at detecting a coexistent asymptomatic CAD in patients with cerebral ischemia are rather sparse in the literature. 13 ' 17 In the present study, the incidence of asymptomatic CAD in patients with cerebrovascuiar insufficiency using noninvasive cardiological screening was prospectively studied and compared to results from age and sex-matched healthy controls.
Materials and Methods
We prospectively studied 83 consecutive patients admitted to the 1 st Neurosurgical Division of the Bel- In all cases, a standardized, non-invasive cardiological protocol was adopted. This consisted of clinical evaluation, standard ECG, chest X-ray, and exercise testing. When indicated, exercise Thallium-201 myocardial perfusion scintigraphy was performed. Coronary angiography was carried out in selected cases.
The exercise test was performed on a motorized treadmill according to the Bruce protocol. 18 Complete ECG and blood pressure were recorded at one-minute intervals during exercise and recovery. All treadmill tests were maximal or limited by exhaustion, systolic blood pressure > 240 mm Hg, or ST-segment depression > 3 mm.
Patients with positive exercise test underwent bicycle exercise Thallium-201 myocardial scintigraphy within two weeks. At the appearance of at least 1.5 mm ST-segment depression 2 mCi of Thallium-201 were injected intravenously and the patient was requested to continue the exercise 60 to 90 seconds. Each patient underwent imaging in the supine position under a PHO Gamma V scintillation camera both immediately after the isotope administration (exercise) and four hours later (delayed rest) for the redistribution scan." Using a medium-sensitivity, parallel-hole collimator we obtained images in the standard views. Each image was subdivided into 3 segments corresponding to the territories of distribution of the left anterior descending, circumflex and right coronary arteries. Images were stored in a computer for processing, semiquantitative analysis and elaboration of circumferential profiles. All studies were interpreted independently by two experienced observers, without knowledge of clinical, electrocardiographic data. Processed images and semiquantitative data were used for the final interpretation.
The control group was made up of 83 consecutive, healthy individuals without symptoms of cerebral and coronary artery disease who were evaluated for a normal check-up or for an insurance policy motive. They were 60 males and 23 females aged 34-74 years, with an average of 52.3 years. They were submitted to the same cardiologic protocol as the former "cerebrovascular" group. The two groups were comparable as regards male/female ratio and age. Risk factors were determined also in the control group.
Statistical analysis was performed using the Student t test and the Chi-square test with Yates' correction.
Results
The analysis of risk factors revealed a significant prevalence of cigarette smoking and diabetes (p < 0.01) in the cerebrovascular group (table 1) .
The exercise test was considered adequate in 75 out of 83 cerebrovascular patients. The remaining 8 cases were discarded due to an insufficient exercise performance: two patients experienced leg claudication, five complained of early fatigue during the test, and one showed severe arterial hypertension demanding interruption of the examination. Twenty-one (28%) of 75 patients with an adequate ergometric study exhibited a positive test in the absence of angina ( fig. 2) . The endpoints of the test were exhaustion in 17 cases, STsegment depression > 3 mm in two, and severe hypertension in the remaining two. The incidence of abnormal exercise test was not significantly different among TIA, RIND and stroke patients; nor a correlation was found between the severity of angiographic lesions and the occurrence of positive exercise test. Conversely, a close correlation was found between the presence of angiographic lesions and abnormal exercise test. In fact, as many as 16 of 21 cases with abnormal exercise test exhibited stenotic or occlusive lesions on angiography. On the other hand only 2 of 19 patients with normal cerebral arteriograms had a positive exercise test (table 4) .
Exercise Thallium-201 myocardial scintigraphy of those 21 cases with positive exercise test was consistent with a perfusion defect in 19 and was normal in two. Of these 19 cases the perfusion defect was reversible in 13 and stable in 6. It involved 5 segments in one patient, 4 segments in two, 3 segments in four, 2 segments in seven, and one segment in five. Two pa- tients with a positive exercise test at a low workload and with extensive scintigraphic perfusion defects underwent coronary angiography. These studies showed three-vessel CAD in one instance and collateralized obstruction of the left anterior descending artery associated with critical proximal stenosis of the circumflex in the second case.
The obtained data were compared to those of controls. In 78 of these 83 healthy subjects the exercise test was adequate, reaching at least 85% of the maximal heart rate. This examination yielded an abnormal result in 5 cases (6.4%). Myocardial perfusion scintigraphy in these cases revealed reversible perfusion defects in 3 subjects and was normal in 2.
In none of the cerebrovascular cases did the detection of CAD contraindicate a cerebral angiographic study. Twenty-seven patients were selected for surgical treatment: sixteen underwent carotid thrombendarterectomy, 10 extra-intracranial arterial bypass, and one both procedures. Exercise test was abnormal in 8 cases (30%) of this surgical group, paralleling the results in the nonsurgical group (27%). No cardiac complications occurred in the postoperative course.
All 83 patients received antiplatelet medications. Those 21 cases with a positive exercise test were additionally treated for CAD.
Discussion
A fatal CAD is the major cause of death in patients with cerebral ischemia treated either medically or sur- gically. 8 ' w Hence the cardiac status of these patients should not be ignored.
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Our study supports the need of actively seeking a CAD in patients presenting with a cerebral ischemic attack. Ancillary investigations are an important supplement to symptoms and ECG evidence in these patients, because an associated CAD is often subclinical. 2223 The critical importance of this cardiologic work-up has prospectively been demonstrated by Rokey et al. 13 In a group of 34 patients admitted for cerebral ischemia with neither history nor ECG signs of CAD who were studied with myocardial scintigraphy and in some cases coronary angiography these authors found 14 cases (41%) of CAD. Another prospective investigation by Herzter 17 yielded a 27% angiographic prevalence of critical coronary artery stenoses in patients undergoing carotid endarterectomy.
In our series of patients with transient cerebral ischemia or mild stroke and without cardiologic signs and symptoms, the prospective evaluation with an exercise ECG test and exercise myocardial scintigraphy resulted in a 28% rate of asymptomatic CAD. This prevalence is four times greater than that in our control group of healthy individuals with absent cerebral and cardiac symptoms.
A positive treadmill test was found in only 5 of these cases (6%), thus according to the data in the literature: 1 to 5% of middle-aged, healthy-looking individuals studied with exercise test will show an asymptomatic CAD. 23 A significant prevalence of risk factors in patients with cerebral ischemia was the unique discriminating finding. The comparison of our groups reinforces the opinion that:
1) Cerebral ischemic events may be considered as useful predictive factors of asymptomatic CAD, and 2) even the most aggressive treatment, if limited to only cerebrovascular disease, may fail to improve overall mortality.
It is known that cerebral ischemia itself may induce resting ECG changes 24 possibly conditioning the result of exercise test. However, neurogenic ST-T abnormalities were never observed in our cases.
We can conclude that, in a remarkable proportion of patients with cerebral ischemia, a coexistent asymp-CEREBRAL ISCHEMIA AND CORONARY ARTERY DISEASE/D/ Pasquale et al 1101 tomatic CAD can be expected. The exercise treadmill test followed by exercise Thallium-201 myocardial scintigraphy can be proposed as safe as well as reliable examinations in the non-invasive screening of these patients. 26 " 29
